This study aims to examine the repeated effects of three sessions of vigorous interval training (VIT) in basketball, running-biking, and boxing on the physical self-perceptions (PSP) of obese adolescents participating in a dietary program. A sample of 24 obese adolescents performed the consecutive VIT sessions every week for 5 weeks. PSP were measured immediately after each training session. Analyses of covariance were used to examine changes in PSP. The results showed rapid and constant increases in PSP with significant differences according to sex, time, type of VIT, and an interaction of sex by time by type of VIT, mainly for basketball.
INTRODUCTION
The relationship between obesity and physical activity (including any usual body movement, or planned, structured and repetitive exercises, and any sport participation) is represented by a vicious cycle (Berger, 2004) . Indeed, it is now well recognized that insufficient levels of physical activity among youth lead to obesity and that obesity can in turn lead to significantly decreased levels of physical activity (Berger, 2004) . This vicious circle is problematic given that physical activity is an effective ingredient for counterbalancing the negative effects of cycle-ergometer or treadmill for the aerobic training group and (b) from two sets of 15 moderate repetitions to three sets of eight maximal repetitions for the resistance training group. The physical self-perceptions were measured with the Physical Self Perception Profile for Children (Fox & Corbin, 1989; Whitehead, 1995) . The results from this study show a significant effect of time (between baseline and 6 months) for all groups on sport competence, physical condition, body satisfaction, physical strength, physical self-worth, and global self-esteem (except for the control group). Additional results showed significant Group × Time interaction effects on physical condition (greater increase in the aerobic-resistance group compared with the control group), physical strength (greater increase in the resistance and aerobic-resistance groups compared with the control group), and global self-esteem (greater increase in the resistance group compared with the control group). Finally, no significant Group × Time interaction effects were observed for sport competence, body satisfaction, or physical self-worth.
The aforementioned studies have three important limitations. First, most of the studies focused on aerobic exercises combined or not with resistance ones. The frequent use of aerobic exercises is surprising because this type of exercise is associated with a long exercise period, is often rated by overweight or obese youth as uncomfortable and unpleasant (Bartlett et al., 2011; Ekkekakis & Petruzzelo, 1999) , and may explain the high attrition rates in exercise interventions among this population (Epstein & Goldfield, 1999 ). Yet, vigorous and highintensity training was recently highlighted (e.g., Alahmadi, 2014; Logan, Harris, Duncan, & Schofield, 2014) as having significant effects on physiological parameters (e.g., Gibala, Little, MacDonald, & Hawley, 2012) and physical fitness (e.g., Costigan, Eather, Plotnikoff, Taaffe, & Lubans, 2015) . Therefore, it can be deduced that shorter and more intensive workouts are likely to be associated with better effects on physical self-perceptions. Considering the specificity of obesity, the submaximal but vigorous intermittent training (VIT) can be recommended as a good alternative to continuous aerobic exercises or to supramaximal ones for attaining physiological and psychological benefits (Babic et al., 2014; Farah, Ritti-Dias, Balagopal, Hill, & Prado, 2014; Garcia-Hermoso et al., 2016; Jakicic, Marcus, Gallagher, Napolitano, & Lang, 2003) .
Second, none of these studies measured the repeated effects of physical activity interventions on physical self-perceptions. Consequently, we have little information on reactivity and the time needed to induce changes in physical self-perceptions. This question is essential to understanding how physical activity interventions can improve general and specific perceived physical abilities of obese adolescents.
Third, none of the previous studies examined whether the repeated effects of physical activity interventions were greater among girls than boys. However, it is well recognized in the literature that overweight-obese girls have significantly lower physical self-perceptions than overweight-obese boys (e.g., Hau et al., 2005; Marsh, Hau, Sung, & Yu, 2007; Sung, Yu, So, Lam, & Hau, 2005) . Therefore, it is unknown how girls' and boys' physical self-perceptions differ according to their physical activity experience.
The main objective of the present study was to examine the repeated effects of three sessions of VIT in basketball, running-biking, and boxing on the physical self-perceptions (PSP) of obese adolescents involved in a dietary program. In the present study, VIT is defined as a modality of interval efforts interrupted by rest periods with exercise intensity above the ventilatory threshold (Tan, Yang, & Wang, 2010) and at a high percentage of maximal HR solicitations. More specifically, it corresponds to an intensity of at least 80% of the theoretical maximal HR and an energy expenditure of at least 6 Kcal/min. The basketball, running-biking, and boxing VIT sessions differed in terms of work and rest (i.e., in the net duration of the successive bouts of effort and passive recovery), and their practice order was counterbalanced between the participants. During each session, the target exercise intensity (80% theoretical maximal HR) was systematically controlled. The global pre-versus post-test effects of this 5-week VIT program on body composition, physical self-perceptions, physical fitness, and physiological responses have been published by Rey, Vallier, Nicol, Mercier, and Maïano (2017) .
More specifically, the present study pursued three objectives. The first was to examine the repeated effects of VIT sessions on physical self-perceptions. It was hypothesized that physical self-perceptions would improve significantly with time.
The second was to compare the repeated effects of basketball, running-biking, and boxing VIT sessions on the physical self-perceptions of obese adolescents. Their physical selfperceptions were expected to improve significantly with time for all sport practices, but the greatest changes were expected to occur in boxing. Indeed, as suggested by Jung, Bourne, and Little (2014) , it is probable that the higher number of recovery periods in boxing could decrease time commitment and monotony and thus elicits more positive emotional responses, such as pride and accomplishment, than in running-biking and basketball.
The third objective was to examine whether the repeated effects of the basketball, runningbiking, and boxing VIT sessions differed according to the participants' sex. Because girls have lower PSP than boys (Maïano, Ninot, & Bilard, 2004; Marsh, 1998) , it was hypothesized that the effects of the VIT sessions on physical self-perceptions would be more pronounced for girls than for boys.
METHODS

Participants
A sample of 30 obese adolescents schooled in a southern French pediatric rehabilitation center participated in this crossover study from January to March 2011. Six participants were excluded from the analysis because they failed to complete the program due to several absences (because of appointments with the medical staff or minor leisure time injuries or illness). The present study focuses on the 24 remaining participants (14 girls, 10 boys, Tanner's Stage III-IV; M = 14.6 years old, SD = 0.7) who performed all the training sessions and completed all the measures. These participants were considered obese based on their body mass index (BMI; M = 32.64 Kg/m², SD = 4.88) and percentage of body fat (M = 36.75%, SD = 7.04). The obesity BMI category was determined based on their sex-and age-specific cutoff scores provided by the International Obesity Task Force (Cole, Bellizzi, Flegal, & Dietz, 2000) . None of the participants had any metabolic, cardiac, or orthopedic disorder, nor were they receiving any medical treatment that might have interfered with the study.
The protocol was constructed in accordance with the Declaration of Helsinki and met France's ethical requirements for human research. Permission to conduct the study was first obtained from the administration and medical staff of the pediatric rehabilitation center. An information letter was then sent to the adolescents' parent or legal representative, and only adolescents who returned the signed consent forms participated. The entire protocol was conducted by the first author, Olivier Rey, under the supervision of the medical staff of the pediatric rehabilitation center.
Sessions of Vigorous Interval Training
Each participant performed consecutive VIT sessions in basketball, running-biking, and boxing every week for 5 weeks (15 sessions total) during a 1hr session, with 45 min of effective physical activity. These VIT sessions were performed at a physiological intensity of at OBESITY, INTERVAL TRAINING, AND PHYSICAL SELF 5 least 80% of the theoretical maximal HR and above 6 Kcal/min (about four Metabolic Equivalents of Task for our population) as defined by the American College of Sports Medicine (Donnelly et al., 2009 ). The sample included both female and male adolescents. The sessions were managed by the investigator, a physical educator, and two assistants under the medical staff 's supervision. The sessions took place on the same days (Mondays, Wednesdays, and Fridays) and at the same time (between 8:30 a.m. and noon), during a follow-up where the participants followed the same dietary program (an average daily energy intake of 2000 Kcal for girls and 2200 Kcal for boys). Each portion of food was measured and served by the staff of the pediatric rehabilitation center.
Basketball, running-biking, and boxing were retained because (a) they were the sport activities conventionally used in the management of obese young people in the pediatric center where the study was carried out, (b) they involved intermittent efforts, and (c) they differed in nature (team, individual, and combat sport) and thus helped to stimulate the participants' immediate motivation and to avoid boredom and disengagement. Their order of practice within the VIT sessions was counterbalanced, and the sessions were 48 hr apart.
The Basketball VIT sessions consisted of three 10-min periods of three-on-three basketball games on a half court with intermediate rest periods of 3 min (i.e., a 36 min exercise with work-rest ratio of 10:3, net workout duration = 30 min).
The Running-Biking VIT sessions consisted of two exercises randomly performed for 3 min with 3 min passive resting intervals repeated two times with a 3-min intermediate passive rest period (i.e., a 21 min exercise with work-rest ratio of 1:1; net workout duration = 12 min). The biking exercise was performed at a free cadence for a maximal theoretical distance (given by the counter) against a mechanical resistance of 4 out of 10 on a cycle ergometer (Kettler "Golf M" model, Ense, Germany). The running exercise consisted in covering a maximal distance around a 150 m track. The intensity of the exercise was "all-out," as it was performed to realize the 3 min maximal distance. During the program, a distance challenge had to be implemented to motivate the participants to truly make an all-out effort.
The Boxing VIT sessions consisted of three 8 min sequences of repeating 10 s of noncontact boxing followed by 20 s of passive rest (i.e., a 32 min exercise with work-rest ratio of 1:2, net workout duration = 8 min). The time was indicated by a music sequence consisting of two songs to impulse work and rest. Each of the three sequences was separated by a 4-min passive rest period. The boxing exercise intensity was "all-out," as it was performed at maximal intensity and frequency by kicking and boxing with gloves against a punching bag.
Although all the VIT sessions lasted 45 min, they differed in the net training duration, that is, the real time spent working intensively. During rest periods, the participants remained standing or walked around slowly. During each session, the participants systematically carried the HR monitor with their individual parameters, and their target exercise intensity was controlled in vivo (Howley, 2001) . Adolescents who did not reach target HR were asked (by the experimenter) to increase their rhythm or engagement. Nevertheless, the adolescents received no special motivational encouragement.
Measures
Body composition
All anthropometric measures were taken before and after the VIT program by the medical staff. The participants' standing height (with a precision of 1 cm) was measured using a Harpenden stadiometer. Their BMI was calculated individually based on their measured height and weight (BMI = weight [Kg]/height² [m]). Skinfold thickness was measured at four sites (bicipital, tricipital, subscapularis, and suprailiac) with a Harpenden clamp. This measure was used to estimate the body fat (BF) percentage, using Siri's (1961) equation, BF percentage = 100 × (4.95/BD-4.50), and the body density (BD) was calculated using Durnin and Womersley's (1974) equation, BD = 1.1369-(0.0598 * LOG10 (ࢣ4Skinfolds)), for adolescent boys and girls.
HR measurement and target value
HR was individually recorded throughout every session using an HR monitor (Polar Team Pro, Polar Electro Oy, Kempele, Finland). Peak heart rate value (HR peak ) and mean (HR mean ) were continuously recorded throughout the VIT period as well as during the standardized warm-up and the final passive rest periods. The HR target value was established with the percentage of the maximum HR (HR max ) estimation using the (208 -[0.7 × age]) formula provided by Tanaka, Monahan, and Seals (2001) . To be considered a vigorous workout, each VIT session had to aim at inducing an HR peak of at least 80% of the participants' theoretical HR max (157 beats per minute on average for 14.6-year-old adolescents). For analysis purposes, HR peak was the mean of the four highest HR values. The average HR (HR mean ) per VIT session was also calculated for its 45 min duration, including the standardized warm-up, the VIT exercise, and the cooldown periods.
Assessment of physical activity
A validated Rowlands, Ingledew, Powell, & Eston, 2004) triaxial accelerometer (RT3, Stayhealthy Inc., Monrovia, CA) was used to assess the estimated intensity and energy expenditure of the participants' physical activity (Westerterp, 1999) from the start to the end of each 45-min exercise session. The accelerometer was carried by the belt on the right hip. To assess each exercise condition, the energy expenditure expressed in Kcal was estimated with the accelerometers and converted to the rate of energy consumption in Kcal/min. Because the objective was to couple measures of HR and energy expenditure to ensure that the efforts were in the target area, the hypothetical underestimated values in cycling (Tarp, Andersen, & Østergaard, 2015) or boxing were considered negligible.
Physical self-perceptions
PSP were measured with the very short form of the validated Physical Self-Inventory (PSI-VS; Maïano et al., 2008; Morin & Maïano, 2011) . This questionnaire comprises 12 items measuring six physical self-dimensions (two items per dimension): global self-worth (GSW; e.g., "I have a good opinion of myself "), physical self-worth (PSW; e.g., "I'm happy with what I can do physically"), physical strength (PS; e.g., "I would be good at exercises that require strength"), physical condition (PC; e.g., "I would be good at physical stamina exercises"), physical attractiveness (PA; "I have a nice body to look at"), and sport competence (SC; e.g., "I do well in sports"). Participants rate each sentence using a 6-point Likert scale ranging from 1 (not at all) to 6 (entirely). The PSI-VS was introduced and explained to the participants before they began filling it out. It was completed immediately after each training session, and the participants were instructed to respond to the items based on their latest practice session. To avoid a learning effect, three versions of the PSI-VS in which the order of the items were counterbalanced were used. The mean of Cronbach's alpha values across the 15 posttests repeated measures of the PSI-VS were acceptable: GSW (Mα post-VIT = . 
Statistical Analyses
All analyses were performed using Statistica 12.0 (Statsoft Inc., Tulsa, OK). An independent-samples Student t test was used to examine the sex-based differences on descriptive and anthropometric characteristics. In addition, an analysis of variance was used to examine the differences between HR peak , HR mean , and Kcal/min across every type of VIT. Finally, a three-way analysis of covariance (controlling for delta-weight scores between pre-and postintervention) was used to examine the effects of the type of VIT (basketball, running-biking, and boxing), time (Session 1 [S1] to Session 5 [S5]), sex, and their interaction (Type of VIT × Sex, Type of VIT × Time, Time × Sex, Type of VIT × Sex × Time) on physical selfperceptions. In case of significance (p < .05), a Student Newman-Keuls post hoc test was used. The effect sizes of significant post hoc effects were estimated using Cohen's (1988) 
RESULTS
Sex-Based Difference in Descriptive and Anthropometric Characteristics
No sex-based differences were observed regarding the participants' age (p = .30), body weight (p = .34), BMI (p = .60), or body fat percentage (p = .23). However, as illustrated in Table 1 , the boys were taller than the girls (p < .005). After 5 weeks (Table 1) , the body fat percentage was reduced by 7.5%, F(1, 22) = 44.76, p < .001, d = 0.42, and the mean weight, by 3.6% (-3.03 kg, SD = 3.02), F(1, 22) = 44.23, p < .001, d = 0.20. The BMI mean was also significantly reduced, F(1, 22) = 52.56, p < .001, d = 0.27. The girls had lost 3.01 kg (SD = 2.05) and the boys 3.49 kg (SD = 2.96). As previously mentioned, this information was used as a covariate in the subsequent analyses. (1.6) 9.5 (2.2) 9.4 (1.9) 3 9.7 (1.9) 9.7 (1.9) 9.2 (1.8) 4
Characteristics of the Three Types of VIT
9.4 (1.9) 9.6 (1.8) 10.6 (1.9) 5 9.3 (1.9) 9.1 (1.8) 9.1 (1.8) M 9.3 (1.8) 9.5 (1.9) 9.3 (1.8)
Note. Subscripts refer to the values that differed significantly from one another (p < .05). VIT = vigorous interval training; HR = heart rate; bpm = beats per minute.
expenditure rate, each of the VIT sessions was vigorous, as they were performed at a physiological intensity of at least 80% of the theoretical maximal HR and over 6 Kcal/min. The analysis of variance revealed significant differences across VIT types in HR peak values but no differences in the energy expenditure total and rate. Indeed, the basketball VIT provided higher HR peak mean values than the running-biking VIT (p = .046, d = 0.47), and the runningbiking VIT elicited higher HR peak mean values than the boxing VIT (p < .001, d = 1.21). These mean HR peak values corresponded to 94.5%, 91.5%, and 83.4%, respectively, of the theoretical HR max values. Significant differences were also found among the VIT types of session in terms of HR mean values including the warm-up, recoveries and workout periods, and cooldown, over the 45 min (Table 2) .
Changes in Physical Self-Perceptions
At baseline, the PSP scores were significantly higher for the boys, F(6, 17) = 3.13, p = .030, d = 0.61, than for the girls: respectively, GSW = 3.6, SD = 1.4 vs. 2.6, SD = 0.9; PSW = 3.4, SD = 1.2 vs. 2.7, SD = 0.7; PS = 3.1, SD = 1.1 vs. 2.8, SD = 1.1; PC = 2.3, SD = 1.4 vs. 1.4, SD = 0.5; PA = 3.5, SD = 1.3 vs. 2.7, SD = 0.6; and SC = 2.9, SD = 1.9 vs. 2.5, SD = 0.7).
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The mean and standard deviation of all the PSI-VS subscales across the types of VIT, time, and sex are presented in Table 3 . As shown in Table 4 , no significant effects were found for the covariate (delta of weight loss), the VIT or the VIT × Sex and VIT × Sex × Time interaction effects. However, significant main effects of time ( Figure 1A ) and sex and VIT × Time ( Figure 1B ) and Sex × Time interaction effects were observed (Table 4 ). These effects are described next.
Global self-worth
A significant VIT × Time effect was found (Table 4) , and post hoc analyses showed a significant decrease between S1 and S3 (p = .045, d = −0.91) for the boxing VIT. In addition, significant main time and sex effects were observed (Table 4) . Post hoc analyses revealed that boys reported higher scores than girls (p < .001, d = 0.72) but failed to find any significant difference for time.
Physical self-worth
No interaction effects were observed (Table 4) . However, significant main effects of time or sex were found (Table 4) . They show that boys reported higher scores than girls (p = .008, d = 0.56) and that scores increased between S1 and S5 (p = .025, d = 0.34) and between S2 and S5 (p = .009, d = 0.37).
Physical strength
A significant VIT × Time effect was observed (Table 4) . Post hoc analyses showed that scores significantly increased between S1 and S3 (p = .003, d = −0.33) for the boxing VIT. In addition, the significant Sex × Time effect indicated that boys' PS scores decreased between S1 and S2 (p = .004, d = −0.47) and increased between S2 and S3 (p < .001, d = 1.09), S2 and S4 (p < .001, d = 0.74), and S2 and S5 (p < .001, d = 0.97). Finally, a significant Time × Sex effect was found (Table 4 ). The findings show that boys reported higher scores than girls (p < .001, d = 0.73) and that the scores increased between S2 and S3 (p = .005, d = 0.46), S2 and S4 (p = .017, d = 0.37), and S2 and S5 (p = .032, d = 0.31).
Physical condition
A significant VIT × time effect indicated that scores (a) increased significantly between S1 and S2 (p < .001, d = 1.07), S1 and S3 (p = .006, d = 0.68), S1 and S4 (p = .002, d = 0.76), and S1 and S5 (p < .001, d = 0.90) for the basketball VIT and (b) decreased between S1 and S2 (p = .029, d = −0.40) but increased between S2 and S3 (p = .021, d = 0.59), S2 and S4 (p = .019, d = 0.48), and S2 and S5 (p < .001, d = 0.77) for the running-biking VIT. In addition, significant main effects of sex and time were observed (Table 4) . Post hoc analyses revealed that boys reported higher scores than girls (p = .003, d = 0.59) and that scores increased between S1 and S2 (p = .038, d = 0.22), S1 and S4 (p = .023, d = 0.30), and S1 and S5 (p < .001, d = 0.43).
Physical attractiveness
A significant VIT × Time effect was observed (Table 4) , but the post hoc analyses failed to find any significant difference. The significant main effect of sex revealed that boys reported higher scores than girls (p < .001, d = 0.68).
Sport competence
The significant VIT × Time effect revealed that scores (a) increased between S1 and S5 (p = .004, d = 0.74) for the basketball VIT, (b) decreased between S1 and S2 (p = .038, d = 3.0 (0.9) 2.8 (1.0) 3.1 (0.9) 2.7 (1.1) 3.1 (1.1) 2.5 (1.0) 3.3 (0.8) 2.5 (0.5) 3.1 (0.9) 5 3.3 (0.8) 3.6 (0.6) 3.1 (0.9) 3.2 (1.0) 3.4 (1.0) 3.0 (1.0) 3.3 (1.1) 3.5 (0.9) 3.2 (1.2) M 3.0 (0.9) 3.1 (0.9) 2.9 (0.9) 2.9 (1.1) 3.2 (1.1) 2.7 (1.0) 3.0 (0.9) 3.2 (0.8) 2.9 (1.0)
Note. VIT = vigorous interval training. 
DISCUSSION
The main objective of this study was to examine the repeated effects of VIT sessions in basketball, running-biking, and boxing on the physical self-perceptions of obese adolescents. Because all the adolescents also followed a specific diet, their weight loss over the 5 weeks of the study was controlled for.
The findings revealed that despite short-term BMI and BF changes being observed (Cole, Faith, Pietrobelli, & Heo, 2005) , this effect did not have any significant influence on the obese adolescents' physical self-perceptions. The findings revealed also that the exercise intensity was vigorous and stable during the repeated exercise sessions and did not differ significantly among sessions. Moreover, the types of exercises defined by their effort and recovery phases induced many significantly different physiological stress levels but elicited HR peak systematically over 80% of HR max . As expected, the HR mean values of the three VIT sessions, which included the warm-up, cooldown, and intermediate recovery phases, were much lower (varying from 119 to 134 beats per minute). Moreover, these values differed because of the difference in design of each VIT session.
The findings for the effect of time showed that repeated VIT sessions have a significant effect on obese adolescents' physical self-perceptions (except for global self-worth and physical attractiveness). More specifically, the results showed a rapid and constant increase in physical self-worth, physical strength, and physical condition from the 2nd to the 5th week. It can be hypothesized that these effects were rapid and constant because they were directly connected to the adolescent's physical involvement and that the physical strength and physical condition were the ones solicited by the three sport activities. In line with the hierarchical Exercise Self-Esteem Model (EXSEM) by Sonstroem and Morgan (1989) , these findings show that the adolescents may have experienced several successive positive accomplishments in physical strength and physical condition and that this may have led them to perceive their physical abilities more positively. Given that the adolescents reported on their perceived PSP immediately after each session based on the current training session, their answers may have been influenced mostly by their psychological state, itself influenced by the type of VIT session. Therefore, based on the EXSEM, it appears that the improvement of actual physical abilities due to physical training may positively generalize to specific PSP (Sonstroem, Harlow, & Josephs, 1994) . Also, specific physical self-perceptions may in turn induce positive changes in more general physical (physical self-worth) or global (global self-worth) self-perceptions.
In addition, the results also showed that VIT sessions create a slight simultaneous decrease in perceived sport competence during the first 2 weeks, followed by a constant increase until the end. The obese adolescents may have had to master numerous (and maybe new) skills in the various types of sport activities (dribbling and passing in basketball; punching and kicking in boxing, etc.). It is thus probable that the adolescents were unbalanced in this situation and therefore perceived themselves as less competent in sports and less satisfied with themselves in general. Using the expanded EXSEM, Megakli, Vlachopoulos, Thøgersen-Ntoumani, and Theodorakis (2017) showed that self-efficacy had significant effects over time on all subdomains of PSP in middle-age women. Consequently, in the present study, the increase in perceived sport competence during the last 3 weeks may be attributed to the fact that these skills were better mastered.
Subsequent results showed that obese male adolescents have significantly higher global self-worth and PSP (except for sport competence) than obese female adolescents. These results are consistent with previous findings (e.g., Hau et al., 2005; Marsh et al., 2007; Sung et al., 2005) . In addition, the results also showed a significant increase in the boys' and girls' sport competence during the 5 weeks. Surprisingly, however, no sex-based difference was observed in the effects of VIT on PSP. Consequently, although boys had higher physical PSP than girls at baseline, the effects of the VIT sessions in basketball, running-biking, or boxing were of similar magnitude. These findings thus revealed that sex-based differences in physical self-perceptions were not increased by these types of VIT. Consequently, they can be used confidently among mixed-sex samples.
Finally, the findings show that the VIT sessions in basketball and running-biking represent effective means for improving perceived physical condition and sport competence. However, these effects were rapid and constant in basketball, whereas they intervened after a slight decrease during the first 2 weeks in running-biking. This difference can be explained by the fact that in the basketball VIT sessions, the adolescents spent a longer time on the court, which may have led them to continuously perceive their physical condition and sport competence more positively. Moreover, in the running-biking VIT, the first two sessions may have been uncomfortable and unpleasant because of the duration of vigorous intensity (Ekkekakis, Parfitt, & Petruzzello, 2011) . These negative feelings may have thus led these adolescents to perceive themselves as less competent in terms of physical condition in running-biking. So, as highlighted by Jung et al. (2014) , for high-intensity interval training, VIT can be considered to promote actual physical abilities through exercise. Meanwhile, the effects of boxing VIT on physical self-perceptions were mixed and inconsistent. Indeed, although perceived physical strength increased significantly, global self-worth and sport competence first decreased significantly and then increased significantly. These findings may have been influenced by the too-short time spent working out, which may not have left obese adolescents sufficient time to perceive their physical fitness and performance positively. In addition, it is possible that the skills practiced in the intermittent noncontact boxing were more complex, thus requiring more time to appropriate than in the other VIT exercises. Consequently, it appears that the adolescents encountered more difficulties during the boxing VIT and that this had a greater effect on of their perceived physical abilities.
Overall, the VIT model presented can be considered effective training for entering obese adolescents in a virtuous circle. Therefore, VIT is ergonomic because of its structure, its repetitive effective work bouts, and its overall duration. Moreover, integrating sport activities in the VIT sessions arouses curiosity through an original way of exercising and through feedback from the monitoring equipment. The observations made during the program showed that the participants were interested and probably motivated by their HR results.
In conclusion, this study shows that VIT represents an effective means of enhancing obese adolescents' global self-worth and physical self-perceptions (all scales of PSP except physical self-worth) over time. More specifically, it highlights that the effect of VIT may be rapid and constant and that the basketball type of VIT may be the most appropriate for improving perceived physical condition and sport competence. On one hand, VIT involves participants in a self-realization through unusual high performance and higher physical activity levels than their usual activities. On the other hand, the use of sport activity encourages them to become active because of the pleasure experienced. This study defined a VIT model that is an alternative to various types of exercises, including high-intensity interval training targeted at several intensities and different durations with usual locomotion, such as cycling or running (e.g., Jung et al., 2014) . The singularity of the VIT here is to integrate different sport activities at the same intensity to improve physical self-perceptions of obese adolescents. By improving their physical self-perceptions, the participants could be more motivated to become involved in physical activities, which in turn could increase their body satisfaction.
However, these results should be interpreted with caution due to several limitations. First, this study was conducted among a limited sample of obese adolescents, and this may have limited the power of the analyses. Second, this study did not include a group of obese adolescents involved in aerobic or resistance exercises; consequently, it is unknown whether VIT may be more efficient than other types of exercise for improving obese adolescents' PSP. Third, the VIT was coupled with specific sport activities, that is, basketball, running-biking, and boxing. Therefore, the adolescents' PSP may have been influenced by these specific sports activities. It is thus unknown whether similar results can be obtained with other sport activities. Fourth, the adolescents' actual physical abilities or skills solicited in the various sport activities (e.g., dribbling, running and biking, kicking) proposed were not measured. Consequently, it is unknown whether the adolescents' changes in the sport skills or abilities may have influenced their PSP. Fifth, given that the wording of the PSI-VS items was not specific to each sport activity, it cannot be excluded that the changes in PSP may result from a delayed effect or a cumulative effect, rather than from the effect of specific sport activity. Finally, although the peak values measured in the various sessions revealed an appropriate description of the actual effort, the lack of distinct measurements for the workouts and rest periods precludes us from establishing a link from their respective changes in HR and energy expenditure mean values to those of the participants' PSP for each different sport activity.
In sum, this physical activity program could be relevant in a clinical obesity treatment. Indeed, the length of the workout or rest may play a role in the pleasure and tolerance as a dose effect. Although exercise intensity is often associated with such affective responses as displeasure, because of fatigue or anxiety, it could also yield some positive changes, such as improvement of self-esteem (Ekkekakis et al., 2011) . Stronger, unusual, and unexpected sensations due to enhanced physical prowess or performance (perceived or real) could be related to the improvement of PSP. However, these repercussions are variable. Consequently, the effects of various intensities should be examined more closely in the future.
